. Antibodies used in IHC experiments. gH2AX, phosphorylated histone H2AX; C, chicken IgY fraction; GP, goat polyclonal; MM, mouse monoclonal; RM, rabbit monoclonal; RaM, rat monoclonal; RP, rabbit polyclonal; Testes were fixed in 4% (w/v) PFA in PBS for 16 h at 4°C, and washed in PBS. In adult mice, the fixative was first delivered by intracardiac perfusion. IHC protocol 1. Testes were embedded in paraffin. IHC was performed on 5 µm-thick dewaxed histological sections, after heat-induced antigen retrieval either in 10 mM citrate buffer pH 6.0 (in the case of IHC for detection of proteins other than REC8) or in Tris-EDTA at pH 9.0 [10 mM Tris Base, 1 mM EDTA, 0.05% (v/v) Tween 20] for 1 h in a water bath heated at 95°C (in the case of IHC for REC8). IHC protocol 2. Testes were cryoprotected in sucrose solutions and embedded in freezing medium. Cryosections, 10 µm-thick, were air-dried, hydrated in PBS and processed for IHC. IHC protocol 3.Testes were cryoprotected in sucrose solutions and embedded in freezing medium. Cryosections, 10 µm-thick, were air-dried, treated with cold acetone at -20°C for 5 min, air dried again, then hydrated in PBS and processed for IHC. The figure in bold in the column "IHC protocol" refers to results illustrated in this study. and lens (L), the localization of RALDH2 in the ocular muscles (MU), as well as the localization of RALDH3 in the ventral retina were expected from previous ISH data (Matt et al., 2005) . In contrast, the signal generated by the anti-RALDH2 antibody at the tip of the dorsal retina, which does not express Aldh1a2 transcripts (Matt et al., 2005) , is a technical artefact that coincides with an area displaying high levels of RALDH1. Thus, the antibody to RALDH2 weakly cross-reacts with the RALDH1 antigen, but not with the RALDH3 antigen. It is however noteworthy that tissues where the levels of RALDH1 are lower, such as the lens, are not immunostained by the anti-RALDH2 antibody. (J-L) The mesenchyme of the kidney cortex (M), which represents one of the many fetal tissues displaying high levels of RALDH2, does not react with the anti-RALDH1 and anti-RALDH3 antibodies. Thus, antibodies to RALDH1 and RALDH3 do not cross-reacts with the RALDH2 antigen. Cell nuclei are stained by DAPI (blue signal). Scale bar (L): 60 µm (A-F), 160 µm (G-I) and 80 µm (J-L). Ahmed and de Rooij, 2009) . Aundiff spermatogonia, which are present at all stages of the SE cycle, are strongly labelled with antibodies to ZBTB16, but they do not express KIT nor STRA8. Aundiff spermatogonia are thus, phenotypically speaking, positive for ZBTB16 and negative for KIT and STRA8 (Aundiff phenotype: ZBTB16+;STRA8-;KIT-). Adiff spermatogonia, which include A1, A2, A3 and A4 spermatogonia, express, in addition to ZBTB16, STRA8 and KIT (Adiff phenotype: ZBTB16+;STRA8+;KIT+). Intermediate and B spermatogonia, in contrast to their Adiff precursors, express ZBTB16 at low to undetectable levels and are no longer positive for STRA8 (Int-B phenotype: ZBTB16-;STRA8-;KIT+). Also note that expression of STRA8 allows distinguishing preleptotene spermatocytes (ZBTB16-;STRA8+;KIT+) from their immediate precursor cells, B spermatogonia, which do not express STRA8 (ZBTB16-;STRA8-;KIT+; see also Vernet et al., 2006; Mark et al., 2015) . ++ and + indicate robust and faint immunohistochemical signals, respectively. Abbreviations: Au, A1, A2, A3, A4, Int and B: spermatogonia; prL, L, P and Z: preleptotene, leptotene, pachytene and zygotene spermatocytes; St1 to St16: steps of spermatid maturation; S: Sertoli cells. Roman numerals designate the stages of the SE cycle. Scale bar (J): 30 µm (A-J). Germ-/-(B,D,F,H) adult testes. AR is expressed in SC nuclei at all epithelial stages, with a conspicuous peak at stages VI and VII. GATA1 expression in Sertoli cell nuclei is undetectable at stages II-VI, weak at stages IX-XII and I and peaks at stages VII and VIII. Expressions of STRA6 and CLDN3, at the basolateral surface of SC, are undetectable at stages I-VI and XII, peak at stages VII-IX and decrease during stages X and XI. Nuclei were counterstained DAPI (blue signal) and the acrosomal system with Alexa Fluor 488-conjugated peanut agglutinin (green signal). Roman numerals designate the stages of the SE cycle. Scale bar (H): 80 µm (A-H). Germ-/-transcriptome were quantified by real-time RT-PCR using total RNA extracted from 9-10 weeks-old control (n=5) and Aldh1a1-3
Gene

Fig. S2. Immunodetection of RALDH1, RALDH2 and RALDH3 (red signals) in wild-type adult testes. (A,B) RALDH1 is the main RALDH present in Sertoli cells (SC). (C,D) RALDH2 is the only RALDH detected in germ cells (GC). (E,F) RALDH3 is absent from the seminiferous epithelium (SE). Note that the RALDH2 signal in Leydig cells (LY) is a technical artifact, as
Germ-/-testes (n=5). Gapdh was used as internal control. Error bars indicate SEM ; *, p<0.05 ; **, p<0.01 and ***, p<0.001. (J-K) Expression of phosphorylated H2AX (gH2AX) allows distinguishing zygotene spermatocytes, in which the IHC signal is scattered within the nuclei, from pachytene spermatocytes, in which the signal is restricted to the XY body (Hamer et al., 2003) . Nuclei were counterstained with DAPI (blue signal). Note that (D,G) and (E,H) are adjacent histological sections. Au, Ad and IB: Aundiff, Adiff and Intermediate or B spermatogonia, respectively; DPS, day post synchronization; prL, L, P and Z: preleptotene, leptotene, pachytene and zygotene spermatocytes, respectively. Scale bar (K) = 6 µm (A-C) and 60 µm (D-K). It is important to note that RALDH4 is absent from the seminiferous tubules (T) because this enzyme has the capacity to synthesize 9-cis retinoic acid, which binds to and activates RAR in vitro [ (Lin et al, 2003) , and references therein]. Note also that the faint red signal in Leydig cells (LY) corresponds to background staining as it is also present in the Aldh8a1
L-/Lmutant testis. (E-H). Histological sections though the kidney of wild-type (E,F) and Aldh8a1
L-/L-(G,H) mice, immunostained with antibodies to RALDH4. The wild-type kidney serves as a positive control of the procedure: RALDH4 is readily detected in the convoluted tubules localized in the kidney cortex (C), while absent from the kidney medulla (M), as previously reported (Lin et al, 2003) . The absence of any signal in the Aldh8a1 L-/Lmutant kidney demonstrates that the antibody is specific for RALDH4. (C,D,G and H) same sections as (A,B, E and F), respectively : the signal (red) was superimposed with the DAPI nuclear stain (blue) and with the tissue auto fluorescence (green). Scale Bar (H): 80 µm (A-H). Development: doi:10.1242/dev.170225: Supplementary information Unless exposed to exogenous ATRA, the SE of the Aldh1a1-3
Ser-/-mutants contains only SC and Aundiff spermatogonia until the age of 4 weeks (Raverdeau et al., 2012) . However, spontaneous recovery of spermatogenesis is observed in some Aldh1a1-3
Ser-/-mutants aged 5 weeks and beyond (B). This recovery does not occur at random. Instead, segments of seminiferous tubules containing spermatocytes and/or spermatids at 5-6 weeks of age are always localized closest to rete testis, a cavity which collects all the seminiferous tubules (C). At 4-6 month of age, spermatogenesis has eventually recovered in a majority of the tubular segments, with the notable exception of those farthest from the rete (D). The most straightforward explanation for this phenomenon is the high level of RALDH1 expression (A) remaining in Aldh1a1-3
Ser-/-mutant in epithelia lining the rete testis and tubuli recti, the short tubules connecting the seminiferous tubules proper to the rete testis. Development: doi:10.1242/dev.170225: Supplementary information 
Supplementary Materials and Methods
ISH with digoxigenin-labeled probes was as described (Vernet et al, 2006) . The plasmids containing part of Lgals1 (366 bp long; exons 2-4) and Rec8 (766 bp long; exons 6-14) cDNAs were linearized and used as templates for the synthesis of riboprobes.
To construct the Aldh8a1 targeting vector for homologous recombination in embryonic stem (ES) cells (see Suppl. Fig. 8 ), a 10 kb long fragment isolated from a 129/Sv mouse genomic DNA library and containing exons E5, was inserted into pBluescript II SK+ (Stratagene). A FRT-flanked neomycin resistance cassette (neo) was cloned downstream of exon 5. Oligonucleotides containing loxP sites, were then inserted on each side of exon 5. This exon (amino acid residues 198-283) encodes the aldehyde dehydrogenases glutamic acid active site (E residue at position 253 in the LELGGKNP motif) in RALDH4. A diphtheria toxin A (DT-A) expression cassette was inserted at the 3' side of the genomic DNA. This targeting vector was linearized and electroporated into ES cells. One clone, targeted as expected (out of 129), was identified by Southern blot analysis (K76, L3 allele, Aldh8a1 ) were indistinguishable from their wild-type littermates. They were crossed with CMV-Cre transgenic mice (Metzger and Chambon, 2001) , and the resulting mice bearing the excised allele (Aldh8a1 +/L-
